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Materials. Cobyric acid (7), alpha-ribazole-3'-phosphate and alpha-ribazole-3',5'-cyclo phosphate were prepared from the methods of Bonnet et al. , [S1] Brown & Hakimi, [S2] and Friedrich et al., [S3] respectively. Cyanocobalamin, Hoffmann-La Roche; water purified using Norvitamin B 12 (1). Alpha-aqua-beta-cyano cobyric acid (7) (10.0 mg, 10.2 µmol) was dissolved in dry DMF (3.5 ml) and cooled to ≈ 10° C in an ice-salt water bath, before triethylamine (6.2 mg, 61.5 µmol) and ethylchloroformate (3.4 mg, 30.8 µmol) were added. After 20 mins 8 (5.0 mg, 12.5 µmol) in DMF (1.0 ml) was added and the reaction was stirred for 30 min at 0 o C and a further 1 hour at room temperature. The reaction was quenched with H 2 O (10 ml) (with a trace of cyanide) and the coloured aqueous phase was washed with CH 2 Cl 2 (3*20 ml) before the solvent was removed. The crude product was precipitated with H 2 O/acetone and further material was obtained from precipitating the mother liquor. The material was purified by preparative TLC (RP-18 plate) (H 2 O:CH 3 CN; 6:2). The red residue was crystallised from H 2 O/acetone to give dark red crystals, 10 mg (73 %) of norvitamin B 12 (1). Table S1 .
Methyl-norcobalamin (2). In the glove box (<10 ppm O 2 ) norvitamin B 12 (1) (10 mg, 7.45 µmol) and benzoic acid (1.8 mg, 15 µmol) were dissolved in 0.1 M tetrabutylammonium hexafluorophosphate (TBAHFP) in methanol and added to the cathode chamber of the electrolysis cell. 1 was then reduced at a Hg-pool electrode, with magnetic stirring, at -1.1 V vs. 0.1 N CE to norcob(I)alamin (under UV control; the colour went from dark red to brown and finally to blackgreen). The mixture was then protected from light and a solution of methyl tosylate (13.9 mg, 75 µmol) in 0.1 M TBAHFP in methanol was added (while keeping the applied potential at -1.1 V vs.
0.1 N CE). After 3h, a UV-spectrum showed complete conversion to the product. The mixture was then transferred into a dark room, taken up in H 2 O (10 ml) and extracted with dichloromethane (3 * 20 ml). The aqueous phase was evaporated to give 9.2 mg of raw product (93 %). The material was then crystallised from H 2 O/acetone to give 7.9 mg (80%) of red crystalline 2.
Methyl-norcobalamin (2) Table S1 .
Determination of the pK a of 2-H + (see Figure 5 in main text). 
Structure determination of norvitamin B 12 (1). Crystals of norvitamin B 12 were grown from water/acetone. A crystal specimen was immersed in hydrocarbon oil, picked up with a rayon loop, Supporting Information S5
and quickly cooled to cryotemperature by immersing in liquid nitrogen. Diffraction experiments were carried out on the EMBL beamline BW7b at DESY in Hamburg (Germany), which was equipped with a MAR imaging plate detector and a gas-stream low temperature (103(2) K) device.
Data pertaining to the data collection and structure refinement are summarized in Table S2 .
Indexing of diffraction images, intensity integration, and data scaling were performed with programs Denzo/Scalepack. [S6] The structure was solved by direct methods to yield the Co-atoms plus most remaining atoms of the structure. Missing atoms (mostly in the solvent region) were located in subsequent electron-density maps. Full-matrix least-squares refinement on F 2 was performed with the program SHELXL-97. [S7] No absorption correction was applied to the data.
Scattering factors including real and imaginary dispersion corrections were taken from the 'International Tables of Crystallography' . H-Atom positions were calculated and refined as 'riding' on their respective non-H-atom. The isotropic adp for each H-atom was set to 1.5 times the equiv.
isotropic adp of the adjacent non-H-atom. The solvent electron density was modeled with one acetone, 5 fully occupied and 18 partially occupied H 2 O sites. Crystallographic residuals at the
close of the refinement are also given in Table S2 .
The B 12 moiety was very well defined except for the hydroxymethylene group (C5R, O5R) of the ribose in the nucleotide loop, which was found to be disordered over two alternate conformations. Supporting Information S6 Table S1 : Comparison of NMR chemical shift values for 1 a) and 2 a) with those of 4 [S4] and 5 [S5] Figure S1 : Structural formula of cobalamins and atom numbering used here (see [S8] ). 
